Exact quantitative selective annuloplasty of the tricuspid valve  by Yiwu, Liang et al.
The Journal of Thoracic and Cardiovascular Surgery • Volume 122, Number 3 611
Experience in recent years has indicated that no technique of tricuspid annuloplasty is per-
fect. The present study was undertaken to explore a better way of treating secondary tricus-
pid regurgitation (TR).
Methods
Patient data. Between March 1997 and January 1998, 20 patients (8 male, 12 female) who
had rheumatic heart disease with moderate to severe secondary TR underwent multiple valve
operations. The average age of the patients was 42.11 ± 13.96 years. The cardiothoracic ratio
was 0.58 ± 0.05. Average cardiac functional class was 3.25 (New York Heart Association). No
organic rheumatic involvement of the tricuspid leaflets was detected. The patients were divid-
ed into two groups: group A underwent our new annuloplasty procedure, and group B, the
exact quantitative technique of De Vega.
Surgical technique and operative data. Obturators that we developed are illustrated in Figure
1. Concomitant procedures carried out at the time of tricuspid valve repair were mitral valve
replacement in 11 patients (5 in group A, 6 in group B) and mitral plus aortic valve replacement
in 9 patients (5 in group A, 4 in group B). Figure 2 illustrates the details of the tricuspid valve
repair technique for group A and Figure 3 shows the technique used for group B.
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Figure 1. A sketch of the obturator that we developed. Each pair of obturators has two
parts, thin and thick. They are shaped like a kidney, as is the normal state of the tricuspid
anulus. The notch (arrow point) spacing of the thin obturator is based on the normal length
of the human septal anulus, and the obturator’s circle length is 2.75 times as long as that
of the septal anulus. We developed 6 pairs of obturators. Their notch spacing is 29 mm, 32
mm, 35 mm, 38 mm, 41 mm, and 43 mm, separately. The corresponding thick obturator is as
large as the thin one; it is just thickened for ease of use during the operations.
See related editorial on page 427.
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Echocardiography. Before and 7 days after the operation,
echocardiograms were recorded in all patients. The proximal
isovelocity area and the length of TR flow were measured as quan-
titative data to evaluate the severity of TR.
Hemodynamic measurements. Two catheters (including a ther-
modilution catheter) were inserted into the right side of the heart
and were used to measure the hemodynamic data. 
Results 
All patients recovered and were discharged from the hospital an
average of 21.7 ± 3.2 days postoperatively. The average time
required for tricuspid annuloplasty was 15.6 ± 2.5 minutes in
group A and 10.1 ± 1.3 minutes in group B. An average of 28.5 ±
17.1 mm (14-47 mm) of isolated anulus was excluded within the
annulorrhaphy in all patients.
Echocardiographic results. The proximal isovelocity area and
length of TR flow were significantly reduced after the operation in all
patients. The proximal isovelocity area was reduced from 14.35 ± 1.10
cm2 to 1.51 ± 0.19 cm2 in group A and from 13.97 ± 0.91 cm2 to 2.28
± 0.33 cm2 in group B. The length of TR flow was reduced from 4.48
± 0.25 cm to 1.41 ± 0.15 cm in group A and from 4.88 ± 0.23 cm to
2.38 ± 0.13 cm in group B. According to color Doppler grading, 15
patients (7 in group A, 8 in group B) had grade 3+ TR before the oper-
ation and 5 patients (3 in group A, 2 in group B) had grade 4+ TR. The
corresponding data after the operation were grade 1+ in 18 patients (8
in group A, 10 in group B) and grade 0 in 2 patients (group A).
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Figure 2. Technique of the exact quantitative selective tricuspid valve annuloplasty. Top left, Hold the thin obtura-
tor; align the notches with commissures (C) of septal leaflet (S); notch spacing of the obturator most closely
matching the commissure distance is the correct size. A, Anterior leaflet; P, posterior leaflet; AV, atrioventricular.
Top middle, Anterior and posterior leaflets are separated from their anulus. Top right and bottom left, Parts of the
free anulus have been excluded by interrupted suture. The reconstructed anterior anulus is equal to the septal
length. The reconstructed posterior anulus is three-fourths the septal length. Bottom middle, The cut edge of the
tricuspid leaflets is reanchored to maintain three valves by continuous suture. Bottom right, The thick obturator is
placed in the reconstructed tricuspid orifice to evaluate if it is correct.
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Hemodynamic results. The right atrial V-wave amplitude in
group A was reduced from 14.0 ± 1.10 mm Hg to 8.3 ± 0.47 mm
Hg in group A and from 13.6 ± 0.97 mm Hg to 7.5 ± 0.41 mm Hg
in group B. The diastolic right ventricular pressure was reduced
from 14.3 ± 0.83 mm Hg to 2.1 ± 0.59 mm Hg in group A and from
12.0 ± 1.14 mm Hg to 8.6 ± 0.75 mm Hg in group B. The pul-
monary artery pressure was reduced from 36.2 ± 3.39 mm Hg to
27.1 ± 2.68 mm Hg in group A and from 35.4 ± 3.06 mm Hg to
25.8 ± 1.87 mm Hg in group B.
Follow-up results. All patients have been followed up by a
series of letters. The interval of sending follow-up letters to each
patient is 3 to 6 months (every 3 months up to the first year after
the operation and every 6 months thereafter). The maximum fol-
low-up duration is 30 months and the minimum, 21 months. All
patients are still alive (except for one who died in a traffic acci-
dent 20 months after the operation) an average of 25.5 ± 2.9
months after the operation. No patients had valve-related com-
plications. All patients had improved to class I or class II (New
York Heart Association) by 6 months after the operation.
Because most patients are not living in our city, follow-up TR
indices are available for only 7 patients. According to the most
recent data (up to January 2000), for group B the maximum
proximal isovelocity area is 2.37 cm2 and the length of TR flow
is 2.1 cm; for group A the minimum proximal isovelocity area is
1.32 cm2 and the length of TR flow is 1.2 cm. For both groups
the corresponding TR grade is 1+.
Figure 3. The technique of the exact De Vega tricuspid valve annuloplasty. Top left, Hold thin obturator; align
notches with commissures (C) of the septal leaflet (S); notch spacing of the obturator most closely matching the
commissure distance is the correct size. A, Anterior leaflet; P, posterior leaflet; AV, atrioventricular. Top right,
Polypropylene suture is started in parallel fashion at the commissure between the septal and posterior leaflets
and ends at the area of the anterior and septal leaflets. Bottom left, The thick obturator is placed in the tricuspid
orifice. Then the suture is tightened and the orifice area is reduced to the size of the obturator according to each
patient’s individual anulus length. Bottom right, Status of the tricuspid orifice after the operation.
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Discussion
Although Braunwald, Ross, and Morrow1 reported that sec-
ondary TR usually resolved after successful left-sided heart
valve replacement, subsequent experience does not support their
findings. Nowadays, we know that secondary TR is caused by
tricuspid annular dilatation. The anatomic problem is that the
anterior and posterior anuli dilate without the septal anulus dilat-
ing, while tricuspid leaflets are normal, so that the leaflets are
relatively smaller, as was reported by Deloche,2 Mitsuhiro,3 and
their associates.
In terms of this concept, the anterior and posterior anuli should
be shortened by tricuspid annuloplasty without affecting the septal
anulus and the shrinking tricuspid leaflet. Annuloplasty should
also restore the natural relationship of the tricuspid valve orifice
and provide a stable repair. In shortening the dilated anulus, it is
also important to take into account the anatomic character of each
individual anulus to restore the physiologic status.
Beginning with the method described by Kay, Maselli, and
Tsuji,4 several techniques avoiding artificial material have been
used in treating secondary TR, but no technique has taken into
account the physiologic and anatomic character of each individ-
ual patient’s tricuspid anulus. As a consequence, annular stenosis
and residual TR often occur after the operation.
In 1990, Minale and colleagues5 reported selective annuloplasty
of the tricuspid valve. Their technique is more stable than that of
surgeons who do not use an artificial ring: The dilated anulus is
reduced selectively on the anterior and posterior portions without
excluding the active surface of the valve leaflets. It also maintains
the natural relationship of the tricuspid valve orifice. However,
theirs is not an exact quantitative repair, because the change in the
anulus is not individualized to the physiologic and anatomic char-
acter of each patient’s tricuspid anulus.
In 1986, Mitsuhiro and coworkers,3 in autopsy studies, found
that the length ratio of the different parts of the normal tricuspid
anulus is as follows: anterior length/septal length/posterior length
= 1:1:0.75; by contrast, that of the rheumatic heart is as follows:
anterior/septal/posterior = 1.22:1:0.9. The septal parts of healthy
hearts and rheumatic hearts were compared, and no significant dif-
ference was observed. In tricuspid annuloplasty, the extent to
which the dilated tricuspid anulus should be shortened is still
uncertain, because different surgeons use different criteria accord-
ing to their own experiences. An ideal criterion needs to be estab-
lished. Minale’s and Mitsuhiro’s findings are the foundation of our
work. We developed a set of obturators that are practical, easy to
use, and simplified the operative procedure. The new technique we
developed not only has all the advantages of Minale’s, but also
shortens the dilated anulus according to the characteristics of each
individual anulus. Therefore, this technique offers an exact quanti-
tative and individual tricuspid annuloplasty. In our study, the scope
of the excluded anulus is very large (from 14 to 37 mm). We there-
fore think the quantitative and individual concept is very impor-
tant. Not only should surgeons not shorten the anulus to the same
size in different patients, but different surgeons should not be using
different criteria. With our new concept, some blind actions were
overcome during the operation, and the operative technique
became more reasonable.
To observe the new technique’s short-term and long-term results,
we designed group B as a contrast, in which patients underwent the
exact quantitative technique of De Vega. Either technique yields
similar acceptable results.
In conclusion, we think the exact selective quantitative concept
is useful for clinical work.
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